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Man-made changes in south Florida
threaten estuarine environments—
home for a multimillion dollar

fish industry.

Alterations of Estuaries of South Florida:
A Threat to Its Fish Resources

WILLIAM N. LINDALL, JR.

ABSTRACT

Based on unpublished data from 1966-1970, about 85 percent of the commer-
cial fish and shellfish caught in south Florida consists of estuarine-dependent
species. The annual harvest of these species averaged more than 36 million
pounds worth in excess of $10 million (ex-vessel value). Data on the region’s
sport fishery are lacking, but it is estimated that the majority of the species
taken by anglers are estuarine-dependent and responsible for about $575 million
of the State’s annual tourist industry. Man’s alterations of the estuaries are threat-
ening these fish resources. Some of the major alterations, reduction of freshwater
runoff, domestic and industrial pollution, pesticide contamination, thermal addi-
tion, and dredging and filling, are discussed.

INTRODUCTION

The mangrove dominated bays and
rivers of south Florida provide food
and protective habitat for hundreds of
marine species of fish and shellfish
which occupy these areas as juveniles
and are thus dependent on the brackish
water zone for survival. Many of
these species are harvested by commer-
cial and sport fishermen and are worth
several million dollars annually to
Florida’s economy. The burgeoning
human population of south Florida
with its attendant demands for housing,
industrial, and agricultural develop-
ment, however, is upsetting the ecolog-
ical balance of the estuarine ecosystem,
thereby threatening the estuarine-
dependent species.

The purpose of this report is to de-
fine the importance of south Florida’s
estuarine ecosystem to the production

of marine fish and shellfish, and to
discuss some of the major threats to
these resources.

COMMERCIAL FISHERY

Unpublished catch data were col-
lated to show the location, magnitude,
and value of south Florida’s commer-
cial fishery. For the purpose of depict-
ing locations of the commercial fishing
grounds, statistical subdivisions of the
grounds with code numbers and names
used by the National Marine Fisheries
Service are shown in Figure 1. Catches
within each statistical area for the
latest five-year period of record (1966-
1970) were analyzed to determine the
percentage of the catch composed of
estuarine-dependent species. This was
accomplished by reviewing the litera-
ture on the life history of each species
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and listing the major species known to
utilize estuarine waters during some
phase of their life cycle, usually the
early phase. Average annual harvests
of these species were determined, sub-
divided into the categories “finfish”
and “shellfish,” and arranged in de-
creasing order by weight (Table 1).
Annual harvest averaged more than
36.3 million pounds worth over $10
million and represented about 85 per-
cent of the catch and value of all
marine fishery resources taken com-
mercially in south Florida during the
five-year period. Striped mullet (Mugil
cephalus) and pink shrimp (Penaeus
duorarum) were the two major crops,
representing 70 percent of the weight
and 79 percent of the value.

SPORT FISHERY

The results of Higman (1967, 1969),
who reported on the quantity and
species composition of fish caught in
the Flamingo Area in 1959-1966 and
1969, are the only studies on sport
fishing available for south Florida.
Higman stated that the top three spe-
cies preferred by fishermen in the
area were spotted seatrout (Cynoscion
nebulosus), gray snapper (Lutjanus

griseus), and red drum (Sciaenops
ocellata). All three are estuarine-
dependent.

Reliable estimates of the value of
the sport fishery are not available. A
rough estimate can be obtained, how-
ever. McQuigg (1971), estimating
that 3! percent of Florida’s visitors
come for the fishing, reported that
sport fishing in the state was responsi-
ble for about $1.7 billion of the $5.5
billion tourist industry. Based on 33.8
percent of the state’s “user occasion”—
one instance of participation in salt-
water sport fishing by one person—
occurring in south Florida (Florida



Department of Natural Resources,
1971), I calculated that the south
Florida sport fishery is responsible for
about $575 million (33.8 percent of
$1.7 billion) of the State’s tourist
industry. Therefore, sport fishing plays
a significant role in south Florida’s
economy.

THREATS TO THE
FISHERIES

Man-made changes in the natural
environment of south Florida are
creating myriad problems for those of
us charged with the responsibility of
protecting against over-exploitation
and despoilment of living marine re-
sources. Unquestionably, the majority
of marine species important to man
are inextricably linked to the estuarine
environment, and because of the
physiographic and hydrologic makeup
of south Florida, the estuarine eco-
system may be adversely affected by
changes many miles inland as well as
by changes in the estuary proper.
Some of the major changes and, there-
fore, threats to marine fishery pro-
duction are discussed below.

Reduction of Freshwater
Runoff

Freshwater runoff is one of the
most important factors affecting south
Florida’s aquatic ecosystem. For exam-
ple, Everglades National Park, which
contains the majority of south Florida’s
estuarine area, is entirely dependent
on freshwater flow from north of its
boundaries (Tabb and Idyll, 1964).
However, man has increasingly alter-
ed natural drainage patterns in the
fertile wetlands and thereby reduced
freshwater runoff to the estuaries. The
following is a brief history of these
alterations taken from Tabb (1963,
1966), Idyll (1965, 1969), and Heald
(1970).

Originally the watershed of south
Florida's estuaries extended as far
north as Ocala in central Florida and
covered about 9,000 square miles.
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Figure 1.—Statistical subdivisions of south Florida fishing grounds.

Canal and levee construction for land
reclamation and flood control purposes
began in the 1880’s and has been al-
most continuous since that time, The
most drastic changes in freshwater
flow came in the 1920’s with con-
struction of numerous canals draining
into the Atlantic Ocean. In 1930 a
dike was begun around Lake Okee-
chobee to prevent a recurrence of
overflow from hurricanes such as the
one in 1928 which killed an estimated
1,500-2,000 people. Additions are
still being made.

With the creation of the Central
and South Florida Flood Control
District (FCD) in 1949, more canals
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were dug, and extensive levees and
water control structures were built.
The Kissimmee River, the largest
tributary to Lake Okeechobee, was
channeled and straightened, and chan-
nels from the lake were enlarged.
This allowed millions of gallons of
fresh water to drain into the Atlantic
and Gulf before each hurricane season.
Aware of the loss of fresh water needed
to recharge the aquifer, the FCD built
shallow water conservation areas,
but the levees also blocked the natural
sheet flow into the lower Everglades.
By 1960 the original watershed of
9,000 square miles had been reduced
to 3,000.
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The greatest impact of alteration of
natural drainage is the intensified
effect of naturally recurring droughts.
Heavy summer rains and an occasional
hurricane flood the Everglades, but
these sources of water are intermittent
and less important ecologically than
water flow from the north (Tabb,
1963, 1966; Idyll, 1969). The flora
and fauna are adapted to naturally
occurring droughts of about two years
duration, but the periods of stress are
prolonged when superimposed on
reduced freshwater flow from the
north. For example, the “hydroperiod,”
that portion of the year when marshes
are flooded by fresh to slightly brack-
ish water, formerly lasted nine months
or longer in average years but now ex-
tends only from June to November on
the average. This period is of prime
importance to the production of com-
mercial and sport fish, because only
during this time is there adequate
surface water for spawning and sur-
vival of forage species (Tabb, 1966).

The result of reduced freshwater
runoff has been an increase in estuarine
salinity. Estuarine areas such as White-
water and Coot Bays were formerly of
intermediate salinity (about 20 ppt)
but now reach 40 ppt during the dry
season in winter (Heald, 1970). In
Florida Bay hypersaline conditions are
more acute. Formerly, hypersalinity
(up to 70 ppt—about twice normal
seawater) occurred only during severe
droughts but now exists for most of the
year in some areas of the Bay (Tabb,
1963; Heald, 1970).

Commercial and sport fish produc-
tion can be seriously reduced if such
prolonged hypersaline conditions be-
come widespread. Based on evidence
provided in Emery et al (1957), Tabb
(1963) suggested that more than half
of the marine invertebrate species
normally found in Florida Bay will
either be killed or forced to migrate
when salinity reaches 60-70 ppt. Tabb
further noted that turtle grass (Thalas-
sia testudinum), the dominant primary
producer in Florida Bay, is severely
limited at these salinities and con-
cluded, “It is entirely likely that most

of the desirable sport and commercial
fish and shellfish will be run out of the
region when salinity values of 60 parts
per thousand or higher prevail.”

Less severe increases in salinity
such as that now occurring in White-
water and Coot Bays may also reduce
commercial and sport fish production.
By allowing a continual increase in
salinity, some of the most valuable
qualities of the estuary are lost {Odum,
1970). One of the most significant is
the loss of protective nursery areas for
juveniles, as increased salinity allows
entrance of additional marine predator
species that would otherwise be ex-
cluded because of their intolerance of
lowered salinity. Also lost are the
means by which young fish and shrimp
find their way into the nursery areas.
Odum refers to these as the *“salinity
transport mechanism”™ and the “dis-
solved organic road map.” By respond-
ing to salinity changes occurring during
the tidal cycle, young pink shrimp with
little swimming ability are able to take
advantage of tidal currents to enter the
estuary. By orienting towards waters
high in organic content, such as that
flushed from the estuary, young
shrimp and fish are able to migrate
into the nursery grounds.

Domestic and Industrial
Pollution

Much of south Florida’s estuarine
zone is located in Everglades National
Park, far removed from population
centers, and is relatively free of man’s
domestic and industrial pollution
(Kolipinski and Higer, 1969; McNulty,
Lindall, and Sykes, 1972). In fact,
water quality in estuarine waters of
the Park and lower Biscayne Bay is
considered comparable to surface
waters of the United States in the
early 1900’s (DeSylva, 1970; U.S.
Department of the Interior, 1971).

Other water bodies of south Florida
have not fared so well. A prime exam-
ple is the overenrichment now occur-
ring in Lake Okeechobee, the heart of
the region’s freshwater resource. Owing
to the channelization of the Kissimmee
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River, which drains into Lake Okee-
chobee, the Kissimmee basin has ex-
perienced large-scale marsh loss and
has lost much of its capacity to absorb
fertilizing materials during runoff.
These elements are now transported
directly into the Lake, which is pre-
dicted to become eutrophic within
the next 5 to 10 years (Marshall, 1971).
Also, on the densely populated south-
east coast, large volumes of untreated
or partially treated effluents from
domestic, industrial, and agricultural
sources are released into numerous
canals causing an excessive popula-
tion of coliform bacteria and also
causing periodic plankton blooms
(National Academy of Sciences, 1970).
Such inadequate treatment of effluents
is the general rule in most of Florida’s
municipalities, and detrimental ef-
fects on the estuary can be longlasting,
even after abatement. For example,
in northern Biscayne Bay pollution
was abated in 1956, but several years
later commercial and sport fishing had
not improved. Many effects of pollu-
tion were still present (McNulty, 1970).

Pesticides

Evidence of pesticide contamination
has been found even in pristine areas
of south Florida. Surface waters in
Everglades National Park contain an
average of 0.02 ug/l of DDT and its
metabolites, and sediments in the
Shark River Slough and nearby canals
contain concentrations 1,000 times
greater than overlying waters. Mos-
quitofish (Gambusia affinis) in the
same areas contain these pesticides in
their tissues at a level of 4 orders of
magnitude greater than the surround-
ing water (Kolipinski and Higer, 1969;
National Academy of Sciences, 1970).

Presently, the effects of pesticides
on the fisheries of south Florida are
poorly understood, but the sublethal
effects are known to be harmful. For
example, DDT at sublethal levels can
affect survival of some fish by reducing
their ability to escape predation as well
as affecting their ability to acclimate
to thermal changes in the environment
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(Odum, 1970). The latter effect is
especially alarming in view of increased
use of atomic-generated electric power
with its concomitant increase in vol-
ume of heated water discharged into
the estuarine ecosystem. Nationally,
pesticides are already significantly re-
ducing production of estuarine fish
and shellfish (Butler, 1969 in Odum,
1970) and in combination with heated
effluents from power plants, produc-
tion of commercial and sport species
could be reduced even further.

Thermal Addition

South Florida’s climate is unique
in the United States in that its land
and fresh water are subtropical in
nature, while its estuarine and marine
waters are essentially tropical (Hoover,
1969). Typical air and water tempera-
tures are between 26 and 31°C in the
summer and between 15 and 25°C in
the winter with an occasional frost
(Idyll, 1969). In freshwater marshes
of Everglades National Park, tempera-
tures often reach 35°C during the
summer and have occasionally gone
to 38°C (U.S. Department of the In-
terior, 1971). Likewise, in shallow
estuarine areas such as southern Bis-
cayne Bay, August temperatures com-
monly exceed 35°C (Nugent, 1971).
Life processes of fishes inhabiting
these waters are geared to seasonal
oscillations in water temperature, and
many species are presently living with-
in a few degrees of their upper lethal
limit in the summer (Hoover, 1969).
Thus, an increase of only a few degrees
may easily reduce the survival rate of
estuarine-dependent species.

Presently, little information is avail-
able on the ecological effects of ther-
mal addition in estuaries, but studies
in progress will help to provide needed
data. In south Florida the effects of
the Florida Light and Power plant at
Turkey Point in southern Biscayne
Bay are under study at this time. Until
recently, this plant had two conven-
tional units in operation that raised the
daily average temperature across the
condensor 5 to 6°C with a range from
about 3°C in early morning to about

8°C in the evening (Nugent, 1971).
Two nuclear units have been con-
structed at the site and are producing
a limited amount of power. Because
they are less efficient than conventional
plants, it is expected that the average
rise in temperature across the conden-
sor will be 7 to 8°C when the nuclear
plants are put into full operation
(Roessler and Zieman, 1970).
Preliminary results of the Turkey
Point studies showed heated effluent
is degrading a portion of southern
Biscayne Bay. Roessler and Zieman
(1970) recorded a maximum summer
temperature of 40.3°C near the out-
fall when ambient Bay temperatures
were 31 to 32°C and found adverse
effects over some 300 acres adjacent
to the plant. Of these 300 acres, about
125 acres near the outfall and enclosed
within the +4°C isotherm were
severely affected; virtually all plants
and animals were killed or greatly re-
duced in number. In the remainder of
the affected area, enclosed within the
+3°C isotherm, algae had been dam-
aged and the number of fish reduced.
In another study, Nugent (1971) de-
scribed the effects of the heated water
on the mangrove habitat through
which the effluent flowed. Emphasis
of this study was placed on the macro-
fauna, particularly the fishes. Nugent
found that most fishes avoided the
heated areas near the effluent canal
except during the coldest weather.
Gray snapper, the most abundant fish
taken in the study, and tarpon (Mega-
lops atlantica) exhibited the least
response to increase in water tempera-
ture of any of the fish. No difference
in numbers of these two species could
be attributed to operation of the plant.
However, other commercial and sport
species including the white mullet
(Mugil curema), fantail mullet (M.
trichodon), striped mullet (M. cepha-
lus), and 3 species of snook (Centro-
pomus undecimalis, C. pectinatus, and
C. parallelus) were taken in greatest
numbers at the control station during
warmer seasons. Kills of blue crab
(Callinectes sapidus) and grunts (Haem-
wlon spp.) occurred in the main dis-
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charge canal, and in June 1969, the
normally hardy toadfish (Opsanus bera)
succumbed in the offshore area. The
only fish found consistently more abun-
dant in the heated water was the lemon
shark (Negaprion brevirostris).

Not all of the effects of heated dis-
charge from the Turkey Point plant
were detrimental. Some protection was
afforded to fishes from a cold kill in
January 1970, and sportfishing im-
proved in some areas during the win-
ter owing to increased availability
(Nugent, 1970). These benefits,
however, are not sufficient to offset the
many detrimental effects of thermal
addition.

Another and potentially more serious
threat to estuarine-dependent fisheries
is entrainment of planktonic organisms,
including fish eggs and larvae, in the
cooling system of the power plant
where they are subjected to sudden
increase of temperature and marked
changes in pressure and turbulence
(Nugent, 1970). The degree to which
organisms are affected depends on
the species present and individual
plant design, but a recent study of the
Turkey Point plant showed that zoo-
plankton, especially those important
in the food chain of Biscayne Bay,
were extremely susceptible to damage.
Some 80 to 85 percent of the zoo-
plankton passing through the plant
in July and August, 1970 were killed,
and the abundance and distribution of
benthic diatoms, the dominant phyto-
plankton in the Bay, were affected by
the heated effluent (Prager, 1970).
With the use of less efficient nuclear
plants, more cooling water will be
required, and the problem of entrain-
ment will be more acute.

Dredging and Filling

Much of south Florida’s estuarine
zone lies within the boundaries of
Everglades National Park and has
thus far been spared the consequences
of dredging and filling. However, many
prime fish producing areas outside the
Park, such as the Keys and a large



portion of the Ten Thousand Islands,
are in private ownership and are sub-
ject to alteration. The recent and often
illegal destruction of the Keys for
trailer parks, subdivisions, and water-
front homesites is symptomatic of run-
away development. The phenomenal
growth of south Florida’s coastal
communities will undoubtedly bring
even more pressure to develop areas
outside the Park.

The effects of dredging and filling
are almost inevitably adverse and may
be permanently destructive to the
estuarine environment. Odum (1970)
summarized generalized effects of this
type of development and pointed out
that about three acres of submerged
bay bottom are required to create one
acre of filled land. Destruction is,
therefore, not limited to only the
bottom covered by the fill. Areas from
which the fill material is taken are
often dug to depths below the photic
zone; thus, light-requiring benthos
are unable to exist. Moreover, silt,
sewage, and other pollutants readily
accumulate in the dredged depressions,
and the resulting anoxic conditions at
the bottom have a permanent adverse
effect on aquatic life. Studies by Taylor
and Saloman (1968) of dredging and
filling in Boca Ciega Bay, Fla., showed
that sediments in dredged canals
averaged 92 percent silt and clay,
whereas sediments in undredged areas
averaged 94 percent sand and shell.
Soft sediments in the canals contained
large quantities of organic muds that
reduced oxygen levels, and even after
10 years very little recolonization by
benthic forms took place. Loss of
fishery products from Boca Ciega
Bay as a result of dredging and filling
was estimated at 73 metric tons (80
short tons) per year. Another example
of permanent adverse effects of dredg-
ing is found in Biscayne Bay. A deep
area dredged in the south part of the
Bay almost three decades ago is
anoxic and barren today, even though
little sewage presently enters the Bay
(Odum, 1970).

Building a bulkhead along a vege-
tated shoreline and filling the vegetated

area behind the wall comprise another
method used to create waterfront real
estate. This method is common in
Galveston Bay, Texas (Mock, 1966),
and is a lucrative one for developers
of the mangrove-lined shores of south
Florida. Such alteration leads to elimi-
nation of the intertidal zone along the
marsh and mangrove—frequently the
most productive portion of the estuary.
Adjacent, shallow, subtidal areas are
also often eliminated, because sediment
is pumped from them to provide fill
material behind the bulkhead or to
create channels for boat traffic to and
from deeper water (Odum, 1970).
Mock (1966) compared a bulkhead
area with a natural shoreline in Gal-
veston Bay and found that both areas
were similar in hydrology and sediment
types, but that the natural area sup-
ported several times as many shrimp
as did the altered area. He concluded
that the difference was due to the phy-
sical alteration of the habitat which
eliminated a natural band of organic
detritus, reduced the organic content
of the sediment, and deepened the
water. Construction of bulkheads in
south Florida would have similar ef-
fects and would undoubtedly seriously
affect commercial and sport fisheries
in the region by destroying nursery
grounds of many species.

Public indignation over indiscrimi-
nate dredging and filling of our estuaries
has produced recent legislative action
to conserve and protect natural re-
sources that remain (Bellinger, 1970;
Linton and Cooper, 1971; McNulty,
Lindall, and Sykes, 1972). Faced with
statutory restraints, developers are
devising alternate methods of creating
waterfront home sites to satisfy public
demand. One method is the construc-
tion of access canals leading from up-
land acreage to open water. As with
bayfill canals, these upland canals are
often designed without regard to fish
and wildlife resources. Most are con-
structed with dead ends and dug to
depths below the photic zone which
create stagnant pockets of stratified
water that are at times uninhabitable
for fishes because of the lack of dis-
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solved oxygen (Lindall, Hall, and
Saloman, 1973). Such waters addi-
tionally create public health hazards
that threaten adjacent estuarine areas
and underground water supplies. For
example, in a recent study of saltwater
canals in the Tampa Bay area ranging
from Weeki Wachee south to Punta
Gorda, a majority of the canals were
found to contain populations of coli-
form bacteria and Clostridium per-
fringens, the common cause of gas
gangrene, in excess of federally ap-
proved State standards for body con-
tact (Barada and Partington, 1972).
In the same report, data and comments
regarding conditions of canals in south
Florida indicated:

1. Broward County - ™ . .. practical-
ly every canal in the county will exceed
state standards for coliform contami-
nation and, therefore, are unsafe for
body contact.”

2. Dade County - “Health problems
can be expected in many of Dade’s
waterways . . . records show high MPN
counts in many waterways. Several
lakes have received much publicity
because of eutrophication. With ideal
conditions some of the blue-green algae
can become toxic to animals. So far,
there have been no records of human
deaths. Reports of skin rash have been
noted . . . Botulism, type C, is common
in Dade County. Many birds have been
kilfed by this toxin. Health problems
occur with the occurrence of dead fish
and animals in public waterways . . .
Fish taken from Dade’s canals at times
appear to be undesirable for eating.
Proper cooking should eliminate any
danger involved, although the taste
may be somewhat unpleasant (muddy).”

CONCLUSIONS

The estuarine zone of south Florida
is a living, dynamic system made up
of extremely complex interactions of
wind, rainfall, freshwater runoff, tides,
temperature, salinity, currents, sedi-
ments, nutrients, and fauna and flora.
Cyclic floods, drought, and fire have
periodically affected the ecosystem,
but it has responded with remarkable



resiliency, and the flora and fauna
have adapted to such change. Physical
and chemical alterations by man have
compounded the natural stresses, how-
ever, and thereby greatly modified the
natural processes to which the fauna
have adapted. Among the fauna threat-
ened by the changes are the estuarine-
dependent marine fishes that support
multimillion dollar commercial and
sport fisheries.

Though much remains to be learned
of the dynamics of the estuaries, the
value of the ecosystem, economic and
aesthetic, is now recognized, and steps
are being taken to conserve vital areas.
Especially encouraging are proposals
at the State and National levels for
purchase of the Big Cypress watershed
to insure an adequate water supply to
a portion of the Everglades National
Park. To insure protection of other
south Florida estuarine areas, however,
present statutes prohibiting further
alteration of estuaries and shoreline
must be rigorously enforced. If altera-
tions of the estuarine ecosystems with
their dire consequences are allowed to
continue in south Florida, as they have
in the past, the fish resources of this
region will continue to be threatened.
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